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1 . introduction 

Laser diodes (LDs) have a higher efficiency of 
conversion to light than solid state lasers or gas lasers, 
and are thus promising as light sources for utilizing light . 
energy with high output power. With such laser diodes, to 
obtain a high output power, an array- type structure in which 
a large number of minute LD elements are arranged in an array 
is used. When using such an LD array, an important factor 
is that it be possible to narrow down the light emitted from 
the LD array into a minute spot. Technology for narrowing 
down into a- minute spot is important not only in the case 
of using the LD light directly, but also when using the laser 
diodes as a light source for pumping a solid state laser. 
- The reason for this is that when pumping a solid state laser 
using. laser diodes, the end pumping method is better than 
the side pumping method in terms of efficiency. However, 
with an LD array, a large number of active layer stripes 
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(emitters), which are the. LD elements, are arranged in a 
one-dimensional array, and hence usage is difficult. 

As a method of concentrating light from an LD array, 
there is a method using a lens array. For example, we have 
5 previously developed a GRIN (gradient index lens) lens. 

array 1 ' -3 '. GRIN lenses (/=1.78mm) were cut out thinly 
lengthways so that the width thereof was the same as the 
pitch of the LD elements (800um) , and then. the lens elements 
were stuck on in the same number as the number of LD elements 
10 (12) to form a lens array. The LD elements and the GRIN lens 

elements were made to correspond to each other one-to-one, 
. and first the light emitted from each LD element was 
concentrated separately using the corresponding GRIN lens 
element. Then, narrowing down was carried out using a 
15 focusing lens (an aspherical lens with /=15.5mm), thus 

superimposing all of the beam elements in one place . At this 
time, a beam spot is obtained having a size (1.74mm) obtained 
by multiplying the width of the stripes . (200|uri) by a 
multiplying' factor determined from the focal length of the 
20' GRIN lenses (collimators) and the focal length of the 

focusing lens'. To make the. multiplying factor smaller and 
thus make the diameter of the beam spot smaller, it is 
necessary to' select lenses with as long a focal length as 
possible as the collimators. However, it is necessary place 
25 the collimator lenses on the near side of the position where 

the beams emitted- from -adjacent LD elements (total angle 
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of divergence of beam approximately 10°) start to overlap 
with one another (approximately 3.43mm from the 
light-emitting end of the active, layer stripes) / and hence 
there is no. option but to use lenses with a short focal length. 
As a result, there is a limit to how small the diameter of 
the beam spot obtained can be made. If collimator lenses 
having a long focal length could be placed a long way from 
the LD array while avoiding overlapping of the beams, then 
a minute beam spot could be obtained. 

The angle of radiation of the LD emitted light differs 
between the component parallel to the active layer and the 
component perpendicular to the active layer, and the beam 
quality of the emitted light also differs greatly between 
the parallel component and the perpendicular component. 
Moreover, the larger the output power, the greater this 
difference. Regarding the direction perpendicular to the 
active layer, the aperture of the emitted light is narrow 
(approximately lum) , and hence the beam quality is high,' 
with light virtually at the diffraction limit beingproduced . 
Consequently, regarding the perpendicular component, there 
is no need to collimate with lenses having a long focal length, 
and it is possible to narrow down sufficiently even if the 
collimation is carried out close to theLDs. The problem 
is- with regard. to the parallel component.- Regarding the 
direction parallel to the active layer, the aperture of the 
emitted light is. broad (100~200um) , ..and hence it is 
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preferable to carry out the collimation at a position as 
far away as possible. If one could first collimate the 
perpendicular component at a position close to the LD array, 
and then rotate each of the beams to interchange the parallel 
5 component and the perpendicular component before- adjacent 

beams from the stripes start to overlap with one another, 
then the cylindrical lens that collimates the component 
parallel to the active layer could be placed a long way from 
the LD array. 

10 We manufactured a prism array as an optical element 

having a function of being able to rotate each of the beams 
and thus interchange the parallel component and the 
perpendicular component through totally reflecting three 
times . 

15 2. Structure of Prism .Array 

Fig. 1 shows schematically the row of beams that have 
exited from the LD array in the z-axis direction entering 
the prism array, being converted, and exiting the prism 
array 41 ' 5 '. In actual practice, there is a cylindrical 

20 microlens that collimates the perpendicular component (y 

component) between the LD array and the prism array, but 
- this has been omitted for the sake of simplicity. Through 
the prism elements that make up the prism : array, the light 
exiting from each of the active layer stripes of the LD array 

25 is rotated by 90°, thus interchanging the parallel component 

(x component)- and the perpendicular component (ycomponent) . 

4 . 



0 plus E. 1997.5 
pp. 106-109 



As shown in Fig. 2, each prism element is an oblique prism. 
■The characteristics of the oblique prism are that the two 
parallel faces %i and u 2 are isosceles trapezoids having 
internal angles of 45°, the two parallel faces a 2 and p are 
parallelograms having internal angles of tan -1 ( 1/.V2 ) , the 
faces CTi and a 3 are parallelograms having internal angles 
of tan _1 V2, the faces iz L and n 2 intersect the faces a 2 and 
p at right angles, the angle formed between each pair of 
the three faces a lf a 2 and o 3 is 60°, and the angle formed 
between the faces iti.and o x and between the faces o 3 and % 2 
is 45°. The face m is the face of entry of the beam, the . 
face % 2 is the face of exit, and the faces a lr g 2 and a 3 are 
the faces of the first, second and third total reflections 
respectively. Moreover, when forming the array, p and the 
face a 2 of the, adjacent prism element are stuck together 
with their top edges being lined up with one another. If 
.the face 7ti and the face ax are placed with a vertical ' 
orientation, ■ then the angle between the face a 2 and a 
horizontal plane is 45°, and the angle between the face a 3 
and the face of entry % x is 135°. The length p of the edge 
between the face o 3 and the face n 2 (or 7Ci) is the pitch of 
the prism array, which is equal to the pitch of the stripes 
in the LD array. The beam entering each prism element 
undergoes total reflection three times, and is rotated by 
90° about the optical axis, and hence is converted into a 
beam for which the vertical component (y component) and the 
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horizontal component (x component) are interchanged. A flat 
beam, orientated in a horizontal, direction enters the face 
.%! with an angle of incidence of 0°, undergoes total reflection 
through a right angle at the faces a t , a 2 and a 3 , proceeding 
rightwards, upwards and forwards, and becomes a flat beam 
orientated in the vertical direction and exits from the prism 
element. The optical axis of the entering light and the 
optical axis of the exiting light are parallel to one another . 
As shown in Fig. 1, the beams from the stripes, which are 
arranged in series in the form of a dashed line, pass through 
the prism array, whereupon they are converted into a parallel 
arrangement having the form. of a ladder. 
3. Manufacture of the Prism Array 

We manufactured prism elements of p=800um by cutting 
BK7 glass. In Fig. 2, the length of the edge between the 
face 7ti and the face p was made to be 2pV2, and the length 
of the edge between the face % x and the face a 2 was made 
to be 3p^2 . Moreover, the distance between the two parallel 
faces %i and it 2 was made to be 2p. With placement as shown 
in Fig. .2, the width (X-axis direction) and height (y-axis 
direction) of each prism element were each 4mm, and the depth 
(z-axis direction) was 1.6mm. The width and height of the 

. face of entry % x was 2.4mm. Adjacent prism elements were 
bonded to one > another using an acrylic adhesive. As shown 

' in Fig. 1 and Fig. 2, the array was made such that the faces 
of entry 7Cj.. of the prism, elements lay in the same plane, 
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arid the faces of the third total reflection a 3 of the prism 
elements lay in the same plane. In Fig. 2, for convenience 
in explaining the functioning of the prism elements, the 
figure has been drawn such that the three total reflections 
5 all occur inside a single prism element, but in actual 

practice, with this constitution, after the second total 
reflection has occurred, the beam, which is traveling upwards, 
hits the. face p without hitting the face cj 3 . The beam is 
then not internally reflected at the bonding face (the face 

10 p) , but rather passes through into the adj acent prism element r 

A beam. that entered one prism element thus undergoes the 
third total reflection at the face a 3 of the next but one 
prism element and then exits from the face % 2 of this element, 
and hence the number of prism' elements in the prism array 

15 must be two more than the number of LD stripes. We manufactured 

, . a prism array with 14 prism elements arranged in a 
.. one-dimensional array for an LD array comprising. 12 stripes. 
• The total width of the- prism array (x-axis direction) of - 
the prism array was thus 14.4mm, and the width of the faces 

20 of entry was 12 .8mm. Furthermore, although not shown in the 

figures, considering the handling of the prism array, the 
faces of exit % 2 of the prism array were bonded onto a flat 
glass' substrate to make assembly easier. The exiting beams' 
travel in a direction parallel to the entering beams, but 

25 there is a shift of each optical axis of p/2 (=0.4mm) in. 

the horizontal direction (x-axis direction) and 5p/2 (=2mm) 
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4. Light-Concentrating Optical System 

As shown in Fig. 3, the light-concentrating optical 
system of the LD array is constituted from a cylindrical 
microlens, a cylindrical " lens and a focusing lens, in 
addition to the prism array 4 '. The ED array used was one 
having a wavelength of 808nm, a CW output power of 10W, and 
a total width of lcm (Spectra Diode Laboratories : SDL-3490S) .' 
The LD array was mounted on an aluminum heat sink that was 
connected to a thermoelectric cooler, and the temperature 
was kept constant during operation. The LD array comprises 
.12 stripes of width 2 OOum arranged at a pitch of 800um. Each 
.stripe has a 50|jia gap in the center thereof and, precisely 
speaking, comprises two AlGaAs diodes, but essentially a 
single beam is produced. The beam profile of the beam exiting 
from each stripe is a typical Gaussian in the direction 
perpendicular to the active layer (the y component) , but 
has a • dip in the • center • in the direction parallel to the 
active layer (the x component) . The angle of divergence of 
the beam exiting each stripe is 30° (FWHM) in the direction 
perpendicular to the active layer (the y-axis direction) 
and 10° (FWHM) in the direction parallel to the active layer 
(the x-axis direction) . Regarding the 12. beams 'exiting the 
LD array, the component perpendicular to the active layer 
' (the y component) is first collimated using the cylindrical 
microlens, which is placed 0.5mm away from the LD stripes. 

8 
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The row of beams then undergoes conversion through the prism 
array, which is positioned right next to the cylindrical 
microlens,. and then the component parallel to the active 
layer (the x component), which has now been converted to 
5 be in the y-axis direction, is . collimated using the 

cylindrical lens (/=44.5mm). Finally, both components are 
narrowed down together using the focusing lens (an aspherical 
lens of /=26.5mm), which is positioned 60mm. away from the 
prism array, whereupon the 12 beams are superimposed in a 
10 single place, and hence a minute beam spot is obtained. 

. Text in Figures 

Fig.. 1: The multi-prism array and the conversion of beams 
emitted from the LD array (the prism array comprises 14 prism 
15 elements, and the LD , array comprises. 12 stripes) 

■Exiting light ' 
Prism array 
LD array 

20 Fig.' 2: An obligue prism, (prism element) and conversion of 

a flat beam ' 
Entering light 

Fig. 3: Schematic drawings of the optical system for 
25 collimating and focusing the emission from the LD array 

comprising 12 stripes. 

■ . - 9 
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(a) Top view parallel to the active layer 

(b) Side view perpendicular to the active layer 
LD array 

Prism array 
5 .Focusing lens 

Cylindrical microlens 
Cylindrical lens 
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